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(54) Motor vehicle steering system 

(57) A motor vehicle steering system has a yaw rate sensor (34) for detecting a yaw rate of a motor vehicle, and a lateral 
acceleration sensor (88) for detecting a lateral acceleration of the motor vehicle. The detected yaw rate and lateral 
acceleration are processed according to predetermined functions to determine a control signal, which is applied to a motor 
(12) to turn a steering wheel (11). Road wheels (17L, 17R) are then steered through a steering mechanism (19) in a 
direction to suppress a disturbant motor vehicle behavior that is caused by the yaw rate and the lateral acceleration. 



13 



1st STEERING 
ANGLE SENSOR h 



JL 



15 



2nd STEERING 
ANGLE SENSOR 




JL 



16 



STEERING 
TORQUE SENSOR 



r 



33 



MOTOR VEHICLE 
SPEED SENSOR 



FIG.2 



CONTROLLER 



32a- 



WA 

1 


TCHI 

nMEi 


XX? 

} 




WA 
1 


rcHt 

IMEf 


\ 



CONTROLLER 



35 



13b 



MOTOR 
DRIVER 



FROM CONTROLLER 
1 




-40R 



CD 

CD 

r>o 
en 

CO 

oo 

CO 

ro 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed forma) copy. 
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MOTOR VEHICLE STEERING SYSTEM 



The present invention relates to a motor vehicle 
steering system, and more particularly to a motor vehicle 
steering system which is operable in response to a distur- 
bance-induced motor vehicle behavior for applying a steer- 
ing torque to a steering wheel to turn the steering wheel 
in a direction to suppress such a motor vehicle behavior. 

One known motor vehicle steering system is dis- 
closed in Japanese patent publication No. 50-33584, for ex- 
ample. The disclosed motor vehicle steering system is an 
electrically operated power steering system in which the 
output power of an electric motor which is used to assist 
in steering the motor vehicle is increased or reduced when 
a steering wheel is manually turned. More specifically, 
the amplification degree for a detected signal indicative 
of a manually applied steering torque varies depending on a 
detected motor vehicle speed and a detected road condition 
for thereby increasing or reducing the output power of the 
electric motor, so that the steering system can produce an 
optimum overall steering torque at all times. 

When the motor vehicle in motion is subjected to 
a disturbance such as a lateral wind, the above disclosed 
motor vehicle steering system does not operate to produce a 
steering torque in a direction to suppress such a distur- 
bance. Generally, manually operated motor vehicle steering 
systems with no power steering mechanism also fail to gen- 
erate steering torques which act to reduce disturbant motor 
vehicle behaviors . 

. Therefore, when a motor vehicle equipped with a 
conventional steering system, whether it may be manually 
operated or power-assisted, is disturbed by a lateral wind 
or other disturbance, the driver has heretofore been re- 
quired to manually turn the steering wheel in a direction 
to minimize the disturbant motor vehicle behavior. 

It is an object of the present invention to pro- 
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vide a motor vehicle steering system which can automati- 
cally suppress a disturbant motor vehicle behavior which 
would occur when a disturbance such as a lateral wind or 
the like is applied to the motor vehicle. 

According to the present invention, there is 
provided a motor vehicle steering system for use on a motor 
vehicle, comprising a steering wheel, at least one road 
wheel steerable by the steering wheel, a steering actuator 
connected to the steering wheel for turning the steering 
wheel, sensor means for detecting a motor vehicle behavior 
induced by a disturbance applied to the motor vehicle, and 
control means for determining a control signal based on the 
motor vehicle behavior detected by the sensor means and ap- 
plying the control signal to the steering actuator to turn 
15 the steering wheel in a direction to suppress the motor ve- 
hicle behavior. 

The sensor means ma y comprise a yaw rate sensor for 
detecting a yaw rate as the disturbance, and/or a lateral, 
acceleration sensor for detecting a lateral acceleration as 
the disturbance, in which event the control means converts 
the yaw rate and the 

lateral acceleration into respective components according 
to predetermined functions, and adds the components into 
the control signal. 

25 Th e motor vehicle steering system preferably in- 

cludes a steering mechanism for steering the at least one 
road wheel in response to steering action of the steering 
wheel. The steering mechanism may be electrically or me- 
chanically operatively connected to the steering wheel. 

Some embodiments of the invention will now be 
described by way of example and with reference to the 
accompanying drawings, in which :- 
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FIG. 1 is a schematic perspective view of a mo- 
tor vehicle steering system according to an embodiment of 
the present invention; 



SDOCID: <GB 2259892A_I_> 



- 3 - 



FIG. 2 is a block diagram of a control circuit 
of the motor vehicle steering system shown in FIG. 1; 

FIG. 3 is a block diagram of a functional system 
arrangement of the motor vehicle steering system shown in 
5 FIG. 1; 

FIG. 4 is a flowchart of a control sequence of 
the motor vehicle steering system shown in FIG. 1; 

FIGS. 5 (A) through 5(E) are diagrams of data ta- 
bles used in the control sequence shown in FIG. 4; 
10 FIGS. 6(A) and 6(B) are graphs showing the ef- 

fectiveness of the motor vehicle steering system according 
to the present invention in comparison with a conventional 
motor vehicle steering system; 

FIG. 7 is a schematic perspective view of a mo- 
15 tor vehicle steering system according to another embodiment 
of the present invention; and 

FIG. 8 is a block diagram of a functional system 
arrangement of the motor vehicle steering system shown in 
FIG. 7. 

20 As shown in FIG. 1, a motor vehicle steering 

system according to an embodiment of the present invention 
is incorporated in a motor vehicle, such as an automobile, 
having a steering wheel 11 which can be manually turned by 
the driver. The steering wheel 11 is coaxially mounted on 

25 a steering shaft 11a rotatably supported on the body of the 
motor vehicle and coupled to a reactive motor 12 . The re- 
active motor 12 is electrically connected to a control cir- 
cuit 13, which energizes the reactive motor 12 to produce a 
reactive output torque to be applied to the steering wheel 

30 11, i.e., a resistive force or steering reactive force 
against the steering action of the steering wheel 11. 

The steering shaft 11a is associated with a 
first steering angle sensor 14 comprising an analog sensor 
such as a potentiometer, a second steering angle sensor 15 

35 comprising a digital sensor such as an encoder, and a 

steering torque sensor 16 comprising a differential trans- 
former or the like. As shown in FIG. 2, a current sensor 
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41 is connected to the reactive motor 12 for detecting an 
electric current flowing through the reactive motor 12. 
These sensors 14, 15, 16, 41 are connected to the control 
circuit 13. 

The first steering angle sensor 14 detects an 
angle through which the steering shaft 11a has rotated from 
a predetermined position, e.g., a neutral position, of the 
steering wheel 11, and i.e., detects a steering angle (9) 
of the steering wheel 11. The first steering angle sensor 
14 sends a detected signal indicative of the steering angle 
to the control circuit 13. The second steering angle sen- 
sor 15 transmits a pulsed signal composed of a number of 
pulses per unit steering angle of the steering wheel 11, to 
the control circuit 13. The steering torque sensor 16 de- 
15 tects a steering torque applied by the steering wheel 11, 
and applies a detected signal indicative of the detected 
steering torque to the control circuit 13. The current 
sensor 41 detects an electric current flowing through the 
reactive motor 12, and hence an output torque of the reac- 
tive motor 12, and applies a detected signal representing - 
the detected output torque to the control circuit 13. The 
control circuit 13 calculates the steering angle through 
which the steering wheel 11 has rotated from the signals 
supplied from the first and second steering angle sensors 
25 14, 15. The control circuit 13 also calculates the steer- 
ing torque applied by the steering wheel 11 from the signal 
supplied from the steering torque sensor 16. 

The motor vehicle has a pair of laterally spaced 
steerable road wheels 17L, 17R which are operatively cou- 
pled to a steering mechanism 19 through respective tie rods 
18L, 18R. The steering mechanism 19 comprises a worm shaft 
20 with helical threads defined in an outer surface 
thereof, a ball nut 21 threaded over the worm shaft 20 with 
a number of balls rollingly riding in the helical threads, 
35 and a transmission gear 22 corotatably joined to the ball 
nut 21. 

The worm shaft 20 is supported nonrotatably and 
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axially movably by a housing (not shown) , and has its oppo- 
site ends connected through the respective tie rods 18L, 
18R to the road wheels 17L, 18R, respectively. When the 
ball nut 21 rotates on the worm shaft 20 with the balls 
5 rolling and circulating through the helical threads between 
the worm shaft 20 and the ball nut 21, the worm shaft 20 is 
axially moved to steer the road wheels 17L, 17R. The 
transmission gear 22 is held in mesh with a drive gear 23, 
which is driven to rotate the ball nut 21 through the 

10 transmission gear 22. 

The drive gear 23 is fixedly mounted on a rotat- 
able shaft 24 parallel to the worm shaft 20. The shaft 24 . 
is fixedly and concentrically joined to the output shafts 
of two steering motors 25L, 25R. The steering motors 25L, 

15 25R are electrically connected to the control circuit 13, 
and associated respectively with current sensors 40L, 40R 
(FIG. 2) , respectively, which detect electric currents 
flowing through the steering motors 25L, 25R. The current 
sensors 40L, 40R are also connected to the control circuit 

20 13, and send detected signals indicative of the electric 
currents passing through the steering motors 25L, 25R to 
the control circuit 13. 

Axial force sensors 2 6L, 26R are combined re- 
spectively with the tie rods 18L, 18R. The ball nut 21 

25 houses an absolute position sensor 27 (FIG. 2) comprising 
an analog sensor such as a potentiometer. Steered angle 
sensors 28L, 28R comprising digital sensors such as en- 
coders are associated respectively with the steering motors 
25L, 25R. These sensors are electrically connected to the 

30 control circuit 13. 

The axial force sensors 26L, 26R detect steering 
reactive forces from the steerable road wheels 17L, 17R, 
and apply detected signals indicative of the detected 
steering reactive forces to the control circuit 13. The 

35 absolute position sensor 27, like the first steering angle 
sensor 14, supplies the control circuit 13 with a detected 
signal indicative of an angle through which the ball nut 21 
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has rotated from its neutral position, i.e., a steered an- 
gle (8) of the road wheels 17L, 17R from their neutral po- 
sition. The steered angle sensors 28L, 28R, like the sec- 
ond steering angle sensor 15, supplies the control circuit 
13 with a pulsed signal which is composed of a number of 
pulses per unit rotational angle of the output shafts of 
the steering motors 25L, 25R, i.e., per unit steered angle 
of the road wheels 17L, 17R. The control circuit 13 calcu- 
lates the steered angle of the road wheels 17L, 17R from 
the detected signals supplied from the absolute position 
sensor 27 and the steered angle sensors 281*, 28R. 

To the control circuit 13, there are also elec- 
trically connected an indicator 29, an ignition switch 30, 
and a battery 31. The indicator 29 serves to indicate a 
15 relative deviation or difference between the steering angle 
8 of the steering wheel 11 and the steered angle of the 
road wheels 17L, 17R based on an output signal from the 
control circuit 13. 

As illustrated in FIG. 2, the control circuit 13 
includes two controllers 13a, 13b each comprising a one- 
chip microcomputer, a memory, an A/D converter, a clock 
generator, etc., the controllers 13a, 13b being connected 
to each other. Watchdog timers 32a, 32b are connected re- 
spectively to the controllers 13a, 13b. The sensors 14, 
15, 16, 26L, 26R, 27, 28L, 28R, 40L, 40R, and 41 are also 
connected to the controllers 13a, 13b. To the controllers 
13a, 13b, there are also connected a motor vehicle speed 
sensor 33, a yaw rate sensor 34, and a lateral acceleration 
sensor 88. A motor driver 35 for the reactive motor 12 and 
motor drivers 36L, 26R for the steering motors 25L, 25R are 
also connected to both the controllers 13a, 13b. 

The motor vehicle speed sensor 33 detects a mo- 
tor vehicle speed and supplies a detected signal indicative 
of the motor vehicle speed to the controllers 13a, 13b. 
35 The yaw rate sensor 34 detects a yaw rate (7) of the motor 
vehicle and supplies a detected signal indicative of the 
yaw rate to the controllers 13a, 13b. The lateral acceler- 



SDOCID: <GB 2259892A_J_> 



ation sensor 88 detects a lateral acceleration (G) acting 
transversely to the motor vehicle and supplies a detected 
signal indicative of the lateral acceleration to the con- 
trollers 13a, 13b. The yaw rate sensor 34 and the lateral 
acceleration sensor 88 serve as a means for detecting a 
disturbant motor vehicle behavior. 

The controllers 13a, 13b simultaneously process 
the signals from the sensors according to a predetermined 
routine, and output PWM (Pulse-Width-Modulated) drive sig- 
nals to the motor drivers 35, 36L, 36R, and a drive signal 
to the indicator 29. The watchdog timers 32a, 32b monitor 
intervals at which the routine is executed by the con- 
trollers 13a, 13b or periods of operation of internal 
timers of the controllers 13a, 13b, for any possible mal- 
function of the controllers 13a, 13b. The controllers 13a, 
13b also execute a diagnostic process for each other or 
check themselves for a fault based on the data from the 
watchdog timers 32a, 32b. In the event of a fault, the 
controllers 13a, 13b disconnect a malfunctioning section 
thereof, and continue to control the motor vehicle steering 
system. 

Each of the motor drivers 35, 36L, 36R comprises 
a bridge of FETs (Field-Effect Transistors) . The motor 
driver 35 is connected to the reactive motor 12, and the 
motor drivers 36L/ 36R are connected respectively to the 
steering motors 25L, 25R. The motor drivers 35, 36L, 36R 
are supplied with PWM drive signals from the controllers 
13a, 13b and supply electric currents of duty factors ac- 
cording to the supplied PWM drive signals to the respective 
motors 12, 25L, 25R. 

- The motor vehicle steering system is a CBW 
(Control-By-Wire) system in which the steering wheel 11 and 
the steerable road wheels 17L, 17R are mechanically discon- 
nected from each other, but electrically connected to each 
other for steering the road wheels 17L, 17R. The CBW motor 
vehicle steering system has a functional system arrangement 
as shown in FIG. 3. As shown in FIG. 3, the steering ac- 
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tion of the steering wheel 11 is detected, and the steered 
angle 5 of the road wheels 17L, 17R is controlled, by way 
of feedback control, based on the steering angle 6 of the 
steering wheel 11. Furthermore, the yaw rate y of the mo- 
tor vehicle, the lateral acceleration G applied to the mo- 
tor vehicle, and the steering reactive forces F from the 
road wheels 17L, 17R are detected, and the steering reac- 
tive force applied to the steering wheel 11 is controlled 
on the basis of the yaw rate y, the lateral acceleration G, 
the steering reactive forces F from the road wheels 17L, 
17R, and the steering angle 6 of the steering wheel 11. 

For the control of the steering reactive force 
applied to the steering wheel 11, the steering angle 9 is 
converted into a steering angle component Tl of the steer- 
ing reactive force by a function fl, a steering rate d0/dt 
produced through a Laplace's operator S is converted into a 
damping component T2 thereof by a function f2, the yaw rate 
y is converted into a first disturbant motor vehicle behav- 
ior suppressive component T3 thereof by a third function 
20 f3, the lateral acceleration G is converted into a second 
disturbant motor vehicle behavior suppressive component T4 
thereof by a third function f4, and the steering reactive 
forces F of the road wheels 17L, 17R is converted into a 
road component T5 thereof by a function f 5 . These func- 
25 tions fl, f2, f3, f4, f5 are linear functions whose gradi- 
ents vary depending on the motor vehicle speed, as shown in 
FIGS. 5(A), 5(B), 5(C), 5(D), and 5(E), respectively. 
However, it is possible to employ linear functions which do 
not vary depending on the motor vehicle speed, or other 
30 functions . 

• Then, a target steering reactive force Ts is de- 
termined from the above components Tl ~ T5 of the steering 
reactive force applied to the steering wheel 11 according 
to the equation : 

Ts = Tl + T3 + T4 + T5 + T2, 
and the output torque of the reactive motor 12, i.e., the 
steering reactive force applied to the steering wheel 11, 
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is controlled so as to reach the target steering reactive 
force Ts under feedback control. In the above equation, 
the positive sign indicates the direction of a resistive 
force imposed against the steering action of the steering 
5 wheel 11 in one direction. 

In FIG. 3, a function L serves as a limiter for 
limiting the absolute value of the target steering reactive 
force Ts within a predetermined range. In FIG. 3, the 
functions f 1 - f5 are understood to be transfer functions 
10 which can be realized by linear functions. In practice, 

these functions may incorporate suitable weighting depend- 
ing on various specifications of the motor vehicle, or may 
be calculated using tables or maps. The components en- 
closed by the dotted lines in FIG. 3 correspond to the con- 
15 trol circuit 13 shown in FIG. 2. 

The motor vehicle steering system controls the 
steering reactive force applied to the steering wheel 11 
according to a control sequence shown in FIG. 4 which is 
repeatedly executed at predetermined periodic intervals. 
20 As shown in FIG. 4, the output signals from the various 

sensors are read in a step SI, and the yaw rate 7, the lat- 
eral acceleration G, the motor vehicle speed, the steering 
torque applied by the steering wheel 11, the steering angle 
of the steering wheel 11, and other data are determined in 
25 a step S2 . Then, a step S3 determines the reactive f orce 
components Tl ~ T5 according to the data tables shown in 
FIGS. 5(A) ~ 5(E), and a step S4 calculates a target steer- 
ing reactive force Ts according to the above equation. 

Thereafter, a step S5 determines whether the 
30 target steering reactive force Ts is greater than a prede- 
termined value Tmax or not. If the target steering reac- 
tive force Ts is greater than the predetermined value Tmax, 
then the target steering reactive force Ts set to the pre- 
determined value Tmax as its upper limit value in a step 
35 S6. A next step S7 determines whether the target steering 
reactive force Ts is smaller than a predetermined value - 
Tmax or not. If the target steering reactive force Ts is 
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smaller than the predetermined value - Tmax, then the tar- 
get steering reactive force Ts set to the predetermined 
value - Tmax as its lower limit value in a step S8 . The 
steps S5, 56,57, and S8 correspond to the limiter L in 
FIG. 3. 

Subsequently, the reactive motor 12 is con- 
trolled to equalize the output torque produced by the reac- 
tive motor 12, i.e., the steering reactive force applied to 
the steering wheel 11, to the target steering reactive 
force Ts under feedback control in a step S9. 

As described above, the steering reactive force 
imposed on the steering wheel 11 by the reactive motor 12 
includes the component T3 corresponding to the yaw rate y 
of the motor vehicle and the component T4 corresponding to 
the lateral acceleration G, and the steering reactive force 
tends to turn the steering wheel 11 in a direction to sup- 
press the yaw rate y and the lateral acceleration G. At 
this time, the steering reactive force serves as a steering 
torque to turn the steering wheel 11. Therefore, when a 
disturbance such as a lateral wind is applied to the motor 
vehicle, causing the motor vehicle to yaw or move later- 
ally, the steering wheel 11 is automatically turned to sta- 
bilize the motor vehicle against such a disturbant motor 
vehicle behavior even if the driver is not gripping the 
steering wheel 11. If the driver is gripping the steering 
wheel 11, the driver may let the steering wheel 11 turn un- 
der the torque produced by the reactive motor 12, thus sta- 
bilizing the motor vehicle against the disturbant motor ve- 
hicle behavior. 

More specifically, while the motor vehicle is 
running straight ahead, the driver lightly holds the steer- 
ing wheel 11 in its neutral position. When a lateral wind 
is imposed on the motor vehicle at this time, the motor ve- 
hicle is forced to change its direction, and the change in 
the direction is detected by the means for detecting a dis- 
turbant motor vehicle behavior. As a result, the reactive 
motor 12 is controlled to produce a steering reactive force 
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(steering torque) which turns the steering wheel 11, where- 
upon the road wheels 17L, 17R are steered to return the mo- 
tor vehicle to its straight course. In general motor vehi- 
cle running conditions including the above straight running 
5 situation, the driver can feel a disturbant motor vehicle 
behavior, such as a yawing motion or a lateral accelera- 
tion, through a steering reactive force or steering torque 
applied from the reactive motor 12 to the steering wheel 
11. Nevertheless, the driver is still able to steer the 

10 motor vehicle at will by turning or holding the steering 

wheel 11 against the steering torque which the reactive mo- 
tor 12 applies to the steering wheel 11 . 

FIGS. 6(A) and 6(B) show how effective the motor 
vehicle steering system according to the present embodiment 

15 is in comparison with a conventional motor vehicle steering 
system. In each of the graphs of FIGS. 6(A) and 6(B), the 
data are measured while the motor vehicle is running 
straight ahead, and the horizontal axis represents the .dis- 
tance X along the direction in which the motor vehicle is 

20 running straight ahead, and the vertical axis represents 

the distance Y along a direction perpendicular to the motor 
vehicle running direction. 

As shown in FIG. 6(A), when the motor vehicle is 
subjected to a disturbance such as a lateral wind while 

25 driver is not gripping the steering wheel, the motor vehi- 
cle moves along a path A under the control of the motor ve- 
hicle steering system according to the present embodiment in 
which only a yawing moment is reflected in the steering 
torque applied to the steering wheel, and the motor vehicle 

30 moves along a path B under the control of the motor vehicle 
steering system according to the present embodiment in which 
only a lateral acceleration is reflected in the steering 
torque applied to the steering wheel. On the other hand, 
the motor vehicle controlled by the conventional motor ve- 

35 hicle steering system is affected much more largely by the 
lateral wind as indicated by the path C it follows. 

As shown in FIG. 6(B), when the motor vehicle is 
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subjected to a disturbance such as a lateral wind while 
driver is gripping the steering wheel, the motor vehicle 
moves along a path D under the control of the motor vehicle 
steering system according to the present embodiment in which 
only a yawing moment is reflected in the steering torque 
applied to the steering wheel, and the motor vehicle moves 
along a path E under the control of the motor vehicle 
steering system according to the present embodiment in which 
only a lateral acceleration is reflected in the steering 
torque applied to the steering wheel. These paths D, E are 
less affected by the lateral wind than the path F which is 
followed by the motor vehicle that is controlled by the 
conventional motor vehicle steering system. 

During a normal turn, the motor vehicle under- 
goes a lateral acceleration and a yawing moment, and hence 
the reactive motor 12 is controlled to produce a steering 
torque in a direction to reduce the lateral acceleration 
and the yawing moment, i.e., in a direction to return the- 
motor -vehicle to its straight traveling course. For re- 
turning to the straight running condition, the driver may 
gradually return the steering wheel 11 under the applied 
steering torque until the motor vehicle is steered back to 
the straight traveling course. In the event that the motor 
vehicle develops an abrupt over steer tendency, the motor 
vehicle steering system applies a strong steering torque 
tending to steer back the motor vehicle, thereby permitting 
the driver to easily countersteer the motor vehicle. When 
the motor vehicle drifts, since the steering torque which 
the motor vehicle steering system applies to the steering 
wheel is small, the driver can additionally steer the motor 
vehicle with ease . 

In the above embodiment, the steering reactive 
"force or steering torque based on both the yaw rate and the 
lateral acceleration is imposed on the steering wheel 11 . 
However, the steering reactive force applied to the steer- 
ing wheel 11 may be based on only the yaw rate or the lat- 
eral acceleration. 
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FIGS. 7 and 8 show a motor vehicle steering sys- 
tem according to another embodiment of the present inven- 
tion. Those parts in FIG. 7 which are identical to those 
shown in FIGS. 1 and 2 are denoted by identical reference 
5 characters, and will not be described in detail below. 

In FIG. 7, a steering shaft 11a of a steering 
wheel 11 is mechanically connected to a steering mechanism 
19 through joints 91, so that the steering wheel 11 is me- 
chanically coupled to steerable road wheels 17L, 17R. The 
10 steering mechanism 19 comprises a rack-and-pinion mechanism 
having a pinion associated with a sensor 94 for detecting a 
steering torque and a steering angle, and a rack opera- 
tively connected to a ball screw mechanism 90 actuatable by 
a motor 95. When the motor 95 is energized, it applies an 
15 assistive steering torque to the ball screw mechanism 90 

which axially moves the rack to cause the tie rods 18L, 18R 
to steer the road wheels 17L, 17R. The motor 95 is elec- 
trically connected to a motor driver 96 which energizes the 
motor 95 to produce the assistive steering torque. 
20 The motor driver 9 6 is connected to a controller 

13 to which a yaw rate sensor 34 and a lateral acceleration 
sensor 88. As with the previous embodiment, the yaw rate 
sensor 34 serves to detect a yaw rate of the motor vehicle, 
and the lateral acceleration sensor 88 serves to detect a 
25 lateral acceleration applied to the motor vehicle. The 

speed of travel of the motor vehicle is detected by a motor 
vehicle sensor 33. Detected signals from the sensors 94, 
34, 88, 33 are supplied to the controller 13. Based on the 
supplied signals from the sensors, the controller 13 out- 
30 puts a control signal to the motor driver 96 to control the 
motor 95.- 

In the embodiment shown in FIG. 7,. the steering 
wheel 11 is mechanically coupled to the road wheels 17L, 
17R. While the road wheels 17L, 17R can directly be 
35 steered by the steering wheel 11, the motor 95 is energized 
to apply its output steering torque through the ball screw 
mechanism 90 to the rack for thereby assisting in steering 
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the road wheels 17L, 17R. The motor 95 is effective to de- 
termine the assistive steering torque and also the steering 
reactive force applied to the steering wheel 11. 

As shown in FIG. 8, a steering torque Ts, a yaw 
5 rate, and a lateral acceleration are detected, and the out- 
put torque of the motor M (corresponding to the motor 95 in 
FIG. 7) is controlled based on the detected torque, yaw 
rate, and lateral acceleration. Specifically, a target 
torque is defined as the sum of two components determined 

10 from the steering torque, a component determined from the 

yaw rate by a transfer function, and a component determined 
from the lateral acceleration by a transfer function, and 
the output torque of the motor M is controlled to reach the 
target torque. As with the preceding embodiment, there- 

15 fore, when the motor vehicle is subject to a yawing moment 
and a lateral acceleration, the road wheels 17L, 17R are 
steered in a direction to suppress the yawing moment and 
the lateral acceleration irrespective of whether the steer- 
ing wheel 11 is positively turned by the driver or not. 

20 Thus, the steering wheel 11 is automatically turned to sta- 
bilize the motor vehicle against a disturbant motor vehicle 
behavior. 

In FIG. 8, the steering wheel mechanism has a 
steering column transfer function A where Ji is the inertia 

25 of the steering wheel 11, S is a Laplace's operator, D x is 
steering column damping, and K x is a torque sensor torsion 
spring constant. The steering mechanism has a gearbox 
transfer function B where J is the sum of the inertia J 2 of 
the road wheels 17L, 17R and the inertia J 3 of the rotor of 

30 the motor M, D 2 is motor shaft damping, Kj is a torque sen- 
sor torsion spring constant, and K 2 is a tire torsion 
spring constant. The road wheel tires have characteristics 
C where D 3 is tire damping. The motor M has electric char- 
acteristics where K T is a torque constant, L is an induc- 

35 tance, R is an electric resistance, and Ke is a counter- 
electromotive constant. In FIG. 8, furthermore, a is the 
steering speed gain of the steering wheel 11, b is the 
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torque gain, Ky is a yaw rate reactive coefficient, Kg is a 
lateral acceleration reactive coefficient. The components 
enclosed by the dotted lines in FIG. 8 corresponds to the 
controller 13 in FIG. 7. 
5 In the embodiment shown in FIGS. 7 and 8, the 

transfer function relative to the component of the steering 
reactive force which corresfponds to the steering angle dif- 
fers for the yaw rate and the lateral acceleration, so that 
the motor vehicle can be stabilized better. Furthermore/ 

10 where the transfer functions used are linear functions, the . 
steering torque components can be adjusted by varying the 
gradients of the linear functions, resulting in a wide 
range of characteristics that can be selected for high mo- 
tor vehicle stability. 

15 The other details of the motor vehicle steering 

system shown in FIGS. 7 and 8 are the same as those of the 
previous embodiment . The motor vehicle steering system 
shown in FIGS. 7 and 8 are generally simpler than the motor 
- vehicle steering system according to the previous embodi- 

20 ment. 

In the above embodiments/ only the control of 
the steering torque applied to the steering wheel has been 
described above. However, the control of a steering angle 
can also be carried out together with the steering torque 

25 control. The principles of the present invention are ap- 
plicable to not only motor-operated motor vehicle steering 
systems, but alto hydraulically-operated motor vehicle 
• steering systems . 

Although there have been described what are at 

30 present considered to be the preferred embodiments of the 
invention, it will be understood that the invention may be 
embodied in other specific forms without departing from the 
essential characteristics thereof. The present embodiments 
are therefore to be considered in all respects as illustra- 

35 tive, and not restrictive. The scope of the invention is 

indicated by the appended claims rather than by the forego- 
ing description. 
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CLAIMS 

1 . A motor vehicle steering system for use on a 
motor vehicle, comprising: 
a steering wheel; 

at least one road wheel steerable by said steer- 
ing wheel; 

a steering actuator connected to said steering 
wheel for turning the steering wheel; 

sensor means for detecting a motor vehicle be- 
havior induced by a disturbance applied to the motor vehi- 
cle; and ^ 

control means for determining a control signal 
based on the motor vehicle behavior detected by said sensor 
15 means and applying said control signal to said steering ac- 
tuator to turn said steering wheel in a direction to sup- 
' press the motor vehicle behavior. 



10 



20 



25 



2. A motor vehicle steering system according to 
claim 1, wherein said sensor means comprises a yaw rate 
sensor for detecting a yaw rate as said disturbance. 

3 . A motor vehicle steering system according to 
claim 1, wherein said sensor means comprises a lateral ac- 
celeration sensor for detecting a lateral acceleration as 
said disturbance. 



4 . A motor vehicle steering system according to 
claim 1, wherein said sensor means comprises a yaw rate 
30 sensor for detecting a yaw rate as said disturbance, and a 
lateral acceleration sensor for detecting a lateral accel- 
eration as said disturbance. 



5 . A motor vehicle steering system according to 
claim 4, wherein said control means comprises means for 
converting said yaw rate and said lateral acceleration into 
respective components according to predetermined functions, 
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and means for adding said components into said control sig- 
nal . 

6. A motor vehicle steering system according to- any preceding 
5 claim, further including a steering mechanism for steer- 
ing said at least one road wheel in response to steering 

action of said steering wheel. 

7. A motor vehicle steering system according to 
10 claim 6, wherein said steering mechanism is electrically 

operatively connected to said steering wheel . 

8 . A motor vehicle steering system according to 
claim 6, wherein said steering mechanism is mechanically 

15 operatively connected to said steering wheel r said steering 
mechanism including said steering actuator. 

9 . A motor vehicle steering system substantially 
as hereinbefore described with . reference to Figs . 1 to 5 of 
the accompanying drawings. 

10. A motor vehicle steering system substantially 
as hereinbefore described with reference to Figs ; 7 and 8 of 
the accompanying drawings. 
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